the condition of the patients gets worse and they respond poorly to their management [3] [4] [5] [6] . Compromised immunity among HIV infection attracts some of the most notorious opportunistic infections like Mycobacterium tuberculosis, Leishmania donovani, Pneumocystis, Cryptococcus and many viral infections etc. [7, 8] . As per the Joint United Nations Programme on HIV/AIDS (UNAIDS), TB-related deaths among people living with HIV have decreased by 32%. But, TB remains the leading cause of death among people living with HIV (33%) [9] . With the growing awareness, the initiation of highly active anti-retroviral therapy (HAART) and an increase in the coverage of HAART, the new infections as well as AIDS related death have significantly fallen. It has been more significant among children, where the new HIV infections have declined by 50%, since 2010 worldwide [9] . The slow decline in the new HIV infection has raised alarming concern in last five years. Highly active anti-retroviral therapy, a milestone in the treatment of HIV-AIDS, presumably brings down the viral load below certain threshold number, which can be successfully contained by the host immune response. However, an impaired immunity not only facilitates the dissemination of virus, but also fails to mount sufficient level of effector immune response to inhibit the diseases like tuberculosis and other OIs as well [10, 11] . Furthermore, it is believed that the level of immunity imposed by the host decides the spectrum of HIV infection (asymptomatic vs. symptomatic) and progression of tuberculosis. In general, the outcome of the infection is decided by the equilibrium between the host's effector immune response and the level of immune suppression, which facilitates immune evasion strategies evolved by the virus.
HIV epidemic has caused a prominent alteration in the epidemiology and clinical manifestation of several opportunistic infections, with TB being the commonest one [12, 13] . Besides the social factors like stigma, ignorance, and misunderstanding in socio-economically oppressed population, this is mainly due to the fact that containment of these pathogens critically requires certain levels of host immune response, which is compromised by the HIV infection. This has propelled the epidemic of TB, particularly in developing subcontinents like India and Africa [14, 15] . This is due to the rampant previous exposure of individuals to M. tuberculosis (prior to acquisition of HIV infection) resulting in latent TB infection (LTBI), only if the individuals have sufficient level of immunity and can contain the disease [13] . HIV infection compromises the immune system and increases the reactivation of LTBI and individual susceptibility to TB infection [13, 16] . HIV infection not only increases the risk of reactivation of LTBI, but also enhances the risk of rapid progression to clinical TB soon after fresh infection and disseminated forms of TB such as extrapulmonary TB including miliary TB. Alarmingly, suppressed state of host T cell function among HIV infected individuals, increases the susceptibility to development of multi drug resistant (MDR) TB [16] . In HIV-negative persons infected with M. tuberculosis, the lifetime risk of developing clinical TB ranges between 10-20%. Whereas, in persons co-infected with M. tuberculosis and HIV, the annual risk of fresh M. tuberculosis infection exceeds by 10%. Mycobacterium tuberculosis infection accounts for 26% of AIDS-related death in a year [17] . The increased burden of HIV-TB cases also increases M. tuberculosis transmission rates in the community [12] . Elicitation of a strong host CD4+ T cell response is an essential prerequisite for containment of viral, primarily due to their intracellular habitat in macrophages, an inaccessible site for antibody mediated effector mechanisms [18, 19] . HIV primarily infects and destroys CD4+ T cells [18] . Elicitation of a strong host T cell response is an essential prerequisite for containment of M. tuberculosis infection and other chronic intracellular OIs. During HIV infection, perturbation of immune homeostasis results from alteration in the representation of various fine T cell subsets including regulatory T (Treg) cells performing distinct immune functions [20] . This appears to have critical impact on effector T cell responses that keep the viral load under check and maintain latency of M. tuberculosis infection including other OIs. However, the precise identification of phenotypically distinct T cell subsets and their intricate interaction leading to perturbed effector immune function responsible for containing M. tuberculosis infection, thus keeping the bacillary infection in latency (or dormancy) remains enigmatic.
This review deals with the immunosuppression among HIV patients and the factors responsible for reactivation of latent infection of M. tuberculosis. It would also be very interesting to discuss the component of immunosuppression with progression of TB infection among HIV infected patients (asymptomatic to full blown AIDS). Despite decrease in CD4+ T cells, patients mount certain immune response, though it remains insufficient to M. tuberculosis. Here, we attempt to take a deeper and detailed insight on the issue and its relevance.
Chronology of immunopathogenesis in HIV-TB
The silent entry of HIV in our body through some limited route (sexual, transfusion, and mother-child etc.) is marked by its capacity to utilize some of the immune co-receptors (CD4, CCR5, and CXCR4). CD4, a high affinity receptor for gp120, is expressed by a subset (Th) of T cells, and by macrophages (mφ) and dendritic cells (DCs) [18] . CD4 alone is insufficient for the entry of virus. When gp120 binds with CD4, it undergoes conformational changes leading to creation of another site, which interacts with either CCR5 or CXCR4. Depending on their affinity to CCR5 and CXCR4, viruses are categorized in R5 and X4 strains, respectively [21] . Since CCR5 is expressed by T cells as well as monocytes, R5 strain (M-tropic) can infect both types of cells. Whereas X4 strain (T-tropic) can infect only CD4+ T cells, because CXCR4 is expressed majorly by T cells. So, using term 'M-tropic' to refer R5 strain is misleading and inappropriate. It is observed that the R5 strain initiates, establishes and transmits the infection. Once the infection is established, it is taken over by more deadly X4 strain [21] . This sophisticated entry inside the immune cells allows them to escape the initial combat and manipulate the immune response. After entering inside the cells with the help of gp41, viral genetic material either survives in episomal form or enters within the nucleus and gets integrated in the host genome (latency) [22] .
The infection of HIV starts from asymptomatic to symptomatic, and then full blown AIDS. These stages can be monitored by clinical evaluation, measuring CD4 count and/or viral load. Immunologically, these stages significantly differ, particularly in terms of CD4+ T cell response [23, 24] . In untreated patients with progressive disease, the early HIV infection is characterized by high viral loads and decreasing CD4+ T cell counts, which lead to AIDS associated illness and OIs. It is also seen that the relentless but eventually rapid loss in CD4+ T cells are not only because of selective depletion by HIV [25, 26] , but also the decreased development of CD4+ T cells from precursor cells in thymus [27] . The early peak (acute phase) in the viral load is followed by the surge in antigen specific CD8+ T cells. Instituting HAART among these patients, results in decline of the viral load followed by antigen specific CD8+ T cells (chronic phase) [28, 29] . Furthermore, these antigen specific CD8+ T cells lower down in number, proliferate, and maintain their number unless there is rise in viral load (Figure 1 ). During this process, HIV infected monocyte (mo)/mφ travel all along the body and reaches to the various organs including privileged sites and resides there [30] . Various clinical complications are triggered by the inflammatory signals initiated either by the recruited mo/mφ and/or by newly infected resident cells [31] [32] [33] [34] . For examples, the infected mo/mφ traffics through the blood brain barrier and enters the brain, infects resident cells and initiate the inflammatory cascade [35] . Otherwise, the resident cells (microglial cells), a second route, may secrete chemotactic attractants under the influence of some secretary mediators and allow the recruitment of infected mo/ mφ cells [30, 35, 36] .
Though the CD4+T cells are critical for the intactness of the immune system, virus first infects mo/mφ/DC in- cluding alveolar macrophages, rapidly proliferates and moves to some unreachable sites like brain using these highly mobile cells as vehicle [37] . Eventual loss of CD4+ T cells [38] , elevated levels of suppressor of cytokine signalling (SOCS-1) [39] , decreased IL-12p40 [40] , elevated levels of IL-10 [41, 42] , decreased IFNs mediated response [43] [44] [45] etc., were observed among infected individuals. In turn, the loss of potent CD4+ T cells driven immune response, favors the reactivation of latent TB infection [46, 47] . Besides the lack of CD4+ T cells, selective suppression of CD8+ T cells facilitates the M. tuberculosis to come out of immune containment. Programmed death-1 (PD-1) and T cell immunoglobulin and mucin receptor domain-3 (Tim-3), best known examples of receptors (marker of exhaustion), are shown to be upregulated on antigen specific CD8+ T cells. Virus driven manipulation of Th-1 and Th-2 imbalance skews the immune response towards anti-inflammatory, and thus favors the dissemination of M. tuberculosis pathogen [48] . One of the hallmarks of tuberculosis is formation of granuloma, which contains the bacilli in the center surrounded by orchestrated layers of immune cells like mφ, T cells, granulocytes etc. In case of co-infection, HIV perturbs the granuloma formation and is characterized by diffused necrotic granuloma, not caseous granuloma, which is signature of TB [49] . Despite a robust Th-1 immune response, modulation of selected immune components may lead to reactivation of latent M. tuberculosis infection. Such immune components include Th-1/Th-2 imbalance [48] , increased regulatory T (Treg) cells (defined by IL-10 producing FoxP3 positivity) [50] [51] [52] [53] , heightened level of TGF-β [54] , and IL-10 [42] , decreased level of IFN-γ [55] etc. It is now established that HIV triggers several of the above mentioned immune factors and compromises/impairs the anti-TB immune response [52] . Thus, M. tuberculosis disseminates to multiple organs that shows absence orchestrated granuloma. All forms of extra-pulmonary TB are reported in HIV-TB co-infection. Progression of TB also varies in different stages of HIV infection (full blown > symptomatic > asymptomatic) [56] . Though, several Th-1 skewed immune functions were severely compromised in full blown AIDS, but their dysfunctions often appear in asymptomatic cases as well [52, 57] .
Sentinels of immune system
Immunologically, HIV infection is characterized by the imbalance in the proportions of immune cells, particularly because of selective depletion of CD4+ cells [58] . As CD4+ T cells are one of the frontrunners of ongoing immune response, its absence leads to a state of compromised immunity among HIV infected host [18] . Among the compromised hosts, the acquisition of new infection of tuberculosis and/or progression of disease from LTBI cases is especially high. It signifies the relevance of immune system and its components in keeping the protective mechanism(s) intact [59] [60] [61] [62] . Here, we discuss the major components of immune system particularly in context to HIV and OIs.
T cells
Effector T cells against the pathogen are represented by two functionally and developmentally distinct subsets, T (CD4+) helper (Th) and T (CD8+) cytotoxic (Tc) cells. Functionally mature helper T cells are of two types, namely Th-1 and Th-2. Th-1 cells preferentially produce IFN-γ, IL-2 and TNF-α to stimulate the cell mediated immunity, which is crucial for containment of OIs particularly chronic intracellular pathogens like M. tuberculosis. On the other hand, Th-2 cells are biased to produce more of IL-4, IL-13, and IL-10 etc., and boost the antibody production and suppress the Th-1 like immunity. The importance of Th-1/Th-2 paradigm has been studied in HIV infection [63] . To address the issue of Th-1/Th-2 paradigm in HIV, investigators focused attention to the cytokine producing cell, particularly the T cells derived from the disease site. HIV infection is characterized by the selective decline in CD4+ cells, leading to perturbed ratio of CD4 : CD8 T cells, which in turn compromises many essential function(s) of host immunity.
A state of compromised immunity fails to mount sufficient immune response and the host becomes significantly vulnerable to M. tuberculosis infection. To mount an effective immune response against the invaders, every arm of the immune system needs to be essentially intact, in particular CD4+ T cells. Furthermore, the selective vulnerability of CD4+ T cells to HIV infection could be one possible reason for inefficacy of many candidate therapeutic vaccines in trials, though they showed promising results in vitro. It is further compounded by the observation, which suggests selective down-regulation of MHC class II by Nef protein, indicating suppression of function of remnants CD4+ T cells, particularly in symptomatic cases progressing towards AIDS [64] [65] [66] . Without assistance of CD4+ T cells, CD8+ T cells remain incapable of inhibiting HIV progression and mounting strong immune response against M. tuberculosis infection. It is evident from the findings, which show insufficient number of HIV specific CD8+ T cells in patients (progressor) than controls (non-progressor) [67] . A strong correlation is also observed between the activation of CD8 T cells and plasma viral load, suggesting crucial role of CD8+ T cells in containment of viral progression [68, 69] . Many studies were undertaken, where HIV specific peptides in association MHC class I protein are used to prime and activate the CD8+ T cells and generate clones of HIV specific CD8+ T cells [70] . Data emanating from these recent studies indicate a possible suppression in the priming and activation of CD8+ T cells, possibly due to absence of CD4+ T cells, as evident by the impaired NFAT translocation [71] . Though, direct effects of HIV on CD8+ population and its function(s) are also reported. HIV is known to manipulate the expression of MHC class I using Nef expression and in turn evade the CTL response [72, 73] . Nef is also known to downregulate the expression of CD80 and CD86 on infected cells, which leads to defective priming, activation, and further the function of CD8+ CTL cells [66] . Selective evasion from CD8+ CTL response favors not only the progression of HIV within host, but is also a major driving force for the evolution of global HIV-TB.
Therapeutically, protective CD8+ CTL responses have yet to be achieved by vaccine approaches for HIV-1 and M. tuberculosis infection. Measurement of frequency of HIV specific CD8+ cells and its restoration might be a good tool to evaluate the vaccine efficacy. New paradigms for generating effective CD8+ T cell responses against HIV-1/AIDS are required. These observations may have implications in vaccine development and protection from M. tuberculosis reactivation. Furthermore, out of 9 proteins of HIV available for vaccination, the early proteins Tat, Rev, and Nef may be better CD8+ T cell targets than the late-expressed structural proteins Gag, Pol, and Env [74] [75] [76] [77] . It is also believed that CD8+ T cells directed against these early expressed proteins may be able to catch the infected cells prior to the establishment of disease. Few of these proteins have been tested and found to be potential enough to activate CD8+ T cells [75] .
A cocktail vaccine may be tested for a possible vaccine in term of better activation of CD8+ T cells.
B cells
It is a general belief that the B cells and antibody may not have any significant role in preventing intracellular infection(s) like HIV and TB. However, the current trends are potentially supporting their role in protection, if not completely then partially. B cells, the antibody producing cells and a professional antigen presenting cells (APCs), may present antigen via MHC class I and II to CD8+ and CD4+ T cells, respectively [78] [79] [80] . Since the B cells are not directly infected with HIV virus, B cell mediated activation of CD8+ T cells are less likely to happen, except the cross presentation of exocytic antigens via MHC class I to CD8+ T cells [80] . Though, transmission of opsonized HIV to T cells via B cells is reported [81] . Interestingly, Phuah et al. (2012) shows presence of activated B cells in the granulomas of nonhuman primates infected with M. tuberculosis [82] . Therefore, a detailed analysis would be required to understand the role of B cells in HIV-TB co-infection.
The neutralizing antibodies produced by long lived memory B cells have shown immune potential for regulation of acute HIV infection [83, 84] . Many neutralizing antibodies like HJ16, HGN194, HK20 [85] , CH01, and VRC [86] have been identified and shown promising results. Antibody against gp41 has also been found to have immense potential [83] . It is also demonstrated that envelop protein of HIV stimulates the antibody production from B cells [87, 88] . However, neutralizing antibodies are less durable and having broad specificity but narrow effectiveness [29, 83, 89] . The acute phase of HIV infection is characterized by the hyper activation of B cells, production of non-protective antibody mainly against the envelop protein [90] . Though in chronic HIV infection, where persistent encounter with the antigens occurs, B cells shows high PD-1, low BTLA, decreased proliferation (Ki67+), and antibody production, suggesting overall dysfunction of B cells [50, 91] . Expression of PD-1 is correlated with the CD4 count, total antibody production, and total viral load [92] [93] [94] [95] . It is reported that the blocking of PD-1 pathway may revert the dysfunctional antibody response during HIV-1 infection [96] . To add here, the HAART gradually improves the frequency and function of B cells with the decrease in viral load.
The absence of help from CD4+ T cells could be a reason for the dysfunctional state among B cells in chronic HIV infection. Class switching from IgM → IgG → IgA and affinity maturation is required for anti-viral immunity by constantly enriching the effective antibody repertoire [97, 98] . These processes are result of interaction between B cells expressing CD40 and CD4+ T cells expressing CD40L. Selective depletion of CD4+ T cells and in turn absence of CD40-40L signalling, firstly suppresses these critical processes within B cells, resulting in poor repertoire of antibody producing cells. Secondly, it does not trigger the B cells to produce C-C chemokines like RANTES and MIP-1α required for inhibition of HIV [99, 100] .
Approaches are being laid to develop the antibody based serological diagnosis of HIV-TB co-infection cases. In such cases, antibody response against protein antigen is reported to be poor [101, 102] . Though, the antibody response against glycolipids are found to be sensitive, and 22.7% of HIV infected patients showed asymptomatic development of antibody against M. tuberculosis infection. However, no correlation was observed between the level of antibody and progression into active disease. It is interesting to note that the antibody production to glycolipids was higher in sera from HIV-positive as compared to HIV-negative TB patients [103] . This might be due to non-classical mode of presentation of glycolipid antigens, possibly requires little assistance from CD4+ T cells. The function of B cells in protection against TB still needs an exploration. However, their potential in M. tuberculosis infection is thought to be underestimated. A strong antibody response against glycolipid, if not protein antigens, could be helpful in capturing bacterial antigen, making it available to phagocytes, and thus modulating the cellular immune response through innate immune cells like natural killer T (NKT) cells [103] . Importantly, an antibody response results in opsonization of extracellular bacilli, limiting its dissemination to other sites.
Macrophages
Besides CD4+ T cells, tissue macrophages (mφ) and/ or its precursor monocytes are one of the two important harboring host cells, where virus enters, resides, integrates, and replicates. Importantly, mφ is the site, which also harbors M. tuberculosis bacilli. Depending on host cell types either CD4+T cells or mφ, viruses are termed as T tropic or M tropic, respectively. Due to limited life span of mφ, it is believed that long lived CD4+ memory cells, but not the mφ, are the cells where the virus persists and re-appear in future [36] . Though, mφ helps them to evade the killing effect of HAART, by harboring them and moving to an inaccessible site, where immune onslaught may not happen i.e., immune privilege site. Later, mφ infected with HIV forms long intercellular conduits and allows safe passage of the viruses to other lymphocytes [104] . HIV-1 selectively depletes, not only CD4+ T cells, but Kupffer cells (mφ in liver), which gets recovered after HAART [105] . Many proteins expressed by HIV i.e., Nef, Gag, Tat, and Env suppresses the function of mφ by various means, and provides the permissive atmosphere for HIV replication. Since HIV as well as M. tuberculosis bacilli both are present in mφ, it seems unavoidable to have cross talk in their evasion mechanism(s). Thus, HIV offers a favorable immunologically compromised environment to bacilli, and in return bacilli promotes the replication of virus. Specifically, HIV impairs the TNF-α mediated apoptosis of mφ, and thus facilitates the survival of bacilli. Moreover, HIV disintegrates the granuloma organization leading to dissemination of bacilli [49] .
HIV-1 is known to impair the function(s) of mφ like phagocytosis [106] , decreased sensitivity towards cytokines [107] , and response to pathogen associated molecular patterns (PAMPs) [108] , etc. It has been shown that many inhibitory molecules like suppressor of cytokine signalling 1 and 3 (SOCS1 and SOCS3) are increased in response to HIV infection, and suppresses the effectiveness of IFNs by modulating the phosphorylation of STATs [108, 109] . HIV also modulates the expression of MHC class I and II [64, 110] , resulting in impaired CD8+ and CD4+ T cells response, respectively. It is also demonstrated that the immunological synapse between T cells and HIV infected mφ are not disrupted [111] ; though, there is significant reduction in the expression of MHC and co-stimulatory molecules (CD80/86) [110, 112] . Mycobacterium tuberculosis bacilli inhibit the fusion of phagosome and lysosome, and survives in the mφ. In HIV manipulated mφ, lack of IFN-γ triggered oxidative burst supports the survival of bacilli. Moreover, elevated serum level of IL-10 in HIV infected patients is also thought to be involved in suppression of mφ supporting growth of M. tuberculosis infection [113, 114] .
Till date, to the best of our knowledge, approaches of vaccine development based on acquired immunity have failed, resulting in surge of exploring new pathways of immune activation. Innate activation of immune system mounts an efficient response, challenging the invaders without recognizing them (non-specific). HIV also encodes many molecules (e.g., ssRNA), which may serve as potential PAMPs, and may be recognized by the pathogen recognition receptor (PRR) expressed by mφ and other cells (e.g., TLR7/8) [115] [116] [117] . Such interaction leads to prior activation of cells [118] . Thus, these pre-activated cells encounter the virus and significantly delay their progress. For an example, TLR-4 ligand suppresses the HIV-1 replication in mφ [119, 120] . To utilize the non-specific nature of innate immune activation, co-infection with commensal bacteria and parasite e.g., Trypanosoma cruzi inhibits the replication of HIV-1 within mφ. These organisms express many PAMPs, which triggers various TLRs on the surface/endocytic vesicles in MyD88 dependent manner [119] [120] [121] [122] . However, HIV is known to inhibit TLR signalling by down-regulating IRAK-4 involved in downstream signalling [123] . Suppression of TLR signalling in HIV infected mφ facilitates the impaired detection of M. tuberculosis bacilli [52] .
Functional commitment of mφ depending on its capacity to produce IL-12 (M1) and IL-10 (M2) may be a relevant area to be explored [124, 125] . It would also be interesting to see how HIV modulates the balance of M1 and M2 in their favor. Moreover, how immune system maintain their balance to keep the protection intact is not still clear. It is conclusively reported that IL-10 is significantly produced among patients (progressor) as compared to controls (non-progressor) [41] . Besides regulatory T cells [126, 127] , M2 type mφ are one of the dominant producer of IL-10. However, it is shown that HIV-1 does not alter in vitro and in vivo IL-10 production by human monocytes and macrophages [128] . Recent studies suggest that encouraging the M1 type function of mφ may help in restoration of protective mechanisms among HIV infected patients [129] .
Cytokines
Production of cytokines following TLRs induced activation of macrophages is important for immunity to HIV. Several cytokines are released, some of which take part in non-specific inflammation, and others regulate the functional bias of the relevant T cells. An account of the important cytokines produced upon HIV infection and their roles is given here and in other sections as well. These cytokines eventually induce further activation of immune cells and lead to a complex process of immune regulation. Among the cytokines, tumor necrosis factor-α (TNF-α), IFN-γ, IL-1β, IL-6, IL-12, IL-10, IL-4, and TGF-β are important. Each of them plays distinct role in the immune response against TB.
Briefly, pro-inflammatory cytokines like TNF-α, IFN-γ, IL-1β, IL-6, and IL-12 plays key roles in macrophage activation, immuno-regulation, and particularly granuloma formation by induction of appropriate chemokine receptors on the effector T cells, and thus recruiting them at the site of pathology. However, it is thought to be a "double edged sword" causing bystander damage of the host tissue and cavity formation, particularly when present in relative excess in the milieu. In addition to the production of the above pro-inflammatory cytokines, certain anti-inflammatory cytokines are produced as well in HIV infection. Some of these, such as IL-4, IL-10, and TGF-β are Th-2 like cytokines and their role in the immuno-pathogenesis of AIDS has provided the concept of Th-1/Th-2 paradigm in various forms of TB. These cytokines are believed to antagonize the protective and/or containing immunity, thus suppressing the required immunity.
Th-1 responses and dendritic cell (DC) functions are compromised in HIV-1 infected individuals. DCs induce elevated levels of SOCS-1, and secrete decreased IL-12 and elevated levels of IL-10, following TLR-4 stimulation by LPS [41] . Similar to TGF-β [54] , IL-10 suppresses the virus specific T cell function in SOCS dependent manner, and IL-10 producing cells define a suppressive population among HIV infected host [126] . Skewed Th-1/Th-2 balance, where IL-4/ IL-13 are dominantly tilt the balance towards Th-2 and cytokine(s) like IL-10 and TGF-β suppresses the Th-1 functions, are responsible for the breakdown of latency and dissemination of disease.
Chemokines
Briefly, chemokines are small size chemo-attractants, involved in preferential trafficking of inflammatory cells [130] . Since the chemokine's receptors serve as co-receptor for viral entry, the role of chemokines has become interesting to explore. It is observed that the increase in plasma load of HIV-1 coincided with massive burst in the chemokine expression. Importantly, IP-10, MCP-1, IL-8 etc., were found to be increased in the periphery of HIV infected individuals [131] [132] [133] [134] . The heightened levels of chemokines are believed to cause immune activation, followed by viral replication, and thereafter more destruction of CD4+ T cells. It is believed that the early virus used only CCR5, and later evolved and started using CCR5 and CXCR4 both as co-receptor [135] [136] [137] . One more step ahead, HIV-1 is gradually acquiring resistance to CCR5 ligands most notably RANTES, resulting in increased virulence [138] . CCR5 and CXCR4 expression did not differ significantly between HIV patients with and without tuberculosis [139, 140] . Moreover, RANTES controls the dissemination of the virus as well as the M. tuberculosis bacilli in vitro and in vivo [141] , and acquisition of anti-RANTES resistance will breach critical immune gateways leading to uncontrolled expansion of virus. Not only RANTES, but other ligands of CCR5 (MIP-1α and β) also suppress the expansion of virus in vivo [142] . Mycobacterium tuberculosis infection increases the CCR5 expression (co-receptor for HIV entrance) as well as decreases the level of RANTES, and thus facilitates the HIV infection [141, [143] [144] [145] . Prophylactically, a lentivirus construct of RANTES with another protein (KDEL), which help in its retention within endoplasmic reticulum (ER), showed ~50-60% reduction in HIV (DP1, a R5 strain) infection [146] .
Orchestration of cellular immune response against HIV
The progression of HIV infection is hallmarked by acute viremia in very early days, followed by steep rise in the frequency of peptide specific CD8+ (CTL) T cells [147] . The peptide/epitope specific CD8+ T cells are measured using a multimeric HLA tetramer carrying peptide and streptavidin detection system [148] . Such advancement has eased the measurement of the immune response mounted by host [149, 150] . Immediately after reaching at the peak, virus declines in number and it is followed by decrease in the HIV specific CD8+ T cells [147] (Figure 2) . When the virus gets reduced quantitatively, CD8+ T cells fail to survive and undergo apoptosis rapidly, suggesting that the presence of antigen is required for the maintenance of antigen specific CD8+ CTL cells [151] . Actually, the primed CD8+ T cells tend to expand in the presence of specific antigen of HIV.
These expanded CD8+ T cells kill the virus infected cells by inducing apoptosis and it is mediated by the molecules either expressed on the surface (FASL, PD-L1/L2 etc.), and/ or secreted (perforin, granzyme etc.) in close vicinity to the target cells [93, 152, 153] . This may also be mediated by the cytokine(s) (IFN-γ, TNF-α etc.) released by CD8+ CTL cells [154] . It is not yet clear, which function of CD8+ CTL cells are most important in controlling the HIV.
For the maintenance of virus specific CD8+ T cells and its revival whenever required, a small fraction of primed CD8+ T cells will be stored as long lived memory T cells, and maintain the repertoire of each epitope specific CD8+ (CTL) T cells [155] . It is also required because if each epitope specific CD8+ T cells enters into effector phase, and at one stage all will get exhausted and immune response will be dampened off. These epitopes specific CTL cells do perform, and on the other hand, get manipulated by the virus by impairing the expression of MHC class I and other co-stimulatory molecules [66, 112] . Though, by measuring epitope specific CD8+ T cells using peptide MHC tetramer staining, it helps in numerically identify these cells, but do not assign their functional behavior. A co-staining of peptide MHC tetramer and the cytokines/perforin/granzyme at the intracellular level helps to functionally characterize them. When such co-staining was performed, it was found that HIV specific CD8+ T (Tetramer+) cells produced cytokines i.e., IFN-γ, TNF-α etc. upon stimulation with cognate antigen, but significantly failed to produce perforin/granzyme as compared to CMV specific cells [153, 156] .
Recent studies have changed the standing concept of this field. Earlier, it was believed that the HIV specific CD8+T (CTL) cells may be less efficient (less perforin), Figure 2 . Diagrammatic representation of the interrelationship between viral load (solid line) and antigen specific CD8+ T cells (dotted line). In the acute phase, the steep rise in the viral load is followed by the surge in antigen specific CD8+ T cells. When the treatment is instituted, there is decline in the viral load followed by CD8+ T cells and reaches to a state of equilibrium Chronic Acute Viral load Months after infection but get primed, matures, and perform effector function(s). A comparative analysis of HIV specific and CMV specific CD8+ cells showed that HIV specific CD8+ T cells were CD27+CCR7-CD45RA-compared to CMV specific CD8+ T cells (CD27-CCR7-CD45RA+), suggesting faulty maturation of CD8+ T cells among HIV infected host [153, 156] . This seems obvious in absence of CD4+ T cells help. CD8+ T cells act best within a limited window period from infection of new cells to release of viruses. CD8+ T cells are generally very effective in their function, otherwise, virus escapes the killing cells by applying various mechanism(s) e.g. downregulation of MHC class I on host cells and remain undetectable to CD8+ T cell etc. Simultaneously, before getting eliminated by CD8+ T cells, the virus puts a selection pressure and evolves a mutant, which is not recognized by effector CD8+ cells, giving additional advantage to the mutant infected cells. It becomes even harder for the immune system to take control of the progression of rapidly evolving mutant, as there is no phenomenon like 'affinity maturation' in TCR among CD8+ T cells.
Various non-classical subsets of fine T cells bear non-conventional T cell receptors (TCRs) or do not recognize the antigens in context of major histocompatibility (MHC) molecules and exert an immunoregulatory influence on the conventional T cells (expressing αβ TCR) including the effector T cells. Important among them and worth mentioning are γδ T cells (expressing γδ TCR and recog-nize antigen in non-MHC manner), NKT cells (recognize antigen in context to CD1 molecules), and the regulatory T cells (Treg). In HIV infection, the frequency of γδ T cells is decreased and show impaired production of cytokine like IFN-γ and TNF-α [157, 158] . Though, the findings are contradictory [159, 160] , but the immense potential of γδ T cells are always appreciated. Another subset, NKT cells represent a subset of T cells with a distinct lineage, not restricted by MHC and can be divided into diverse/variant and invariant NKT cells [161] . They recognize lipid antigens in context to relatively less polymorphic CD1 molecules. CD1 molecules are sub-grouped into group I consisting of CD1a, b, c, and e, whereas CD1d is the only member of group II so far known. CD1d restricted invariant NKT cells are heterogeneous in terms of their expression of CD4/CD8 markers, and an important subset of NKT cells uses restricted set of TCR chain pairs [161, 162] . NKT cells are one of the earliest T cells to be triggered in an immune response. NKT cells might play a role in HIV-1 infection, and therefore be selectively depleted during the early stages of infection [163] . Recent studies are reviewed regarding the dynamics of NKT depletion during HIV-1 infection and their recovery under HAART [164] . It is also demonstrated that HIV possibly manipulates the function of NKT cells by downregulating expression of CD1d [165] . NKT cells including γδ T cells are the early innate players regulating the onset of anti-HIV immune response. Another factor, regulatory T (Treg) cells are a subpopulation of CD4+ T cells characterized by the suppressive effect they mount on the HIV specific immune responses [166, 167] . Similar to CD4+ effector T cells, Treg cells are equally susceptible to HIV, and may also get infected with HIV through CD4-gp120 interaction with its suppressive function getting increased [168] . Treg cells suppress the other cells either by contact dependent and/or contact independent. Contact dependent suppression includes following mechanisms i.e., PD1-PDL1/L2, CTLA4-B7.1/7.2, mTGFβ-TGFβR, GITR, IDO, HLA-G etc. [53, 169] . The contact of independent pathways is mostly IL-10-IL-10R, sTGFβ-TGFβR, CD39-CD73 → adenosine etc. Interesting to note that the frequency of Treg cells (CD4+CD25+FoxP3+) cells are significantly increased among HIV infected individuals [51] , and are having activated phenotype [127, 170] . Furthermore, the expression of PD-1 is upregulated on Treg cells and significantly correlated with the HIV progression [169, 171] . The production of IL-10 was increased among infected individuals and Treg cells are found to be one of the dominant producers of IL-10 [41, 42, 54, 128, [172] [173] [174] (Figure 3 ). Increased level of IL-10 producing Treg cells offers a conducive platform form reactivation of latent TB infection and its progression in disseminated form of TB [175] [176] [177] [178] . It is also demonstrated that the blocking of IL-10 with anti-IL-10 Ab restores the effector immune response. Recent studies suggest that the blocking Treg cells or its key function(s) may be a viable option in controlling viral progression. [179] . Depending on the possible causes, the immunosuppression may also be categorized. In case of HIV, the foremost cause of immunosuppression is the virus mediated suppression of immune recognition, selective loss of CD4+ T cells etc. The other type of immunosuppression such as OIs, chemotherapy, and malnutrition etc., is common in countries like India [180] [181] [182] .
Immunosuppression

Immunosuppression among HIV infected individuals as a result of gradual loss of CD4+ T cells, dysfunction of CD8+ T cells, and ineffective antibody response by B cells, may lead to uninterrupted progression of virus and open invitation to deadly M. tuberculosis infection
One very important factor is the host genetic makeup, providing background, which may already be predisposed to get suppressed. Mostly, highly polymorphic human leukocyte antigens (HLA) play significant role in deciding that which part of antigen will be presented in what orientation. An antigen mostly contains more than one epitope. One epitope is used by HLA/MHC for presentation of peptide (antigen) and the other epitope is recognized by the T cell receptor (TCR). It is always HLA having upper hand in choosing the right epitope to bind with and present to T cells. When an HLA molecule first binds with a peptide (antigen), it undergoes peptide sorting and chooses the best combination of HLA and epitope (Figure 4) . The allelic composition of HLA at gene level decides the strength and accuracy of peptide presentation, and thus the immune response.
Supporting to the above said, HIV-1-infected persons with HLA-B27 and -B57 alleles commonly remain healthy for decades without antiretroviral therapy [183] . Oppositely, many allelic combinations of HLA gene among host are proven immunosuppressive and generate poor immune response [184] . Besides HLA polymorphism, polymorphism among cytokines, chemokines, their receptors and PRRs (TLRs etc.) have been studied and demonstrated that few single nucleotide mutations led to low producer of protective cytokines [185] [186] [187] . Except few, none of the studies conclusively suggest anything.
Immunosuppression, in general, a multifactorial phenomenon leading to compromised immunity. Prior genetic predisposition, Treg cells, increased IL-10, inadequate Th-17 response, more IL-4 producing NKT (NKT2) cells, perturbed ratio of Th-1 vs. Th-2, deficiency of critical nutrients (vitamins etc.) etc. are involved, one way or other, in immunosuppression. HIV itself and/or chemotherapy induces immunosuppression and make the atmosphere conducive for OIs and allow them to flourish [188, 189] .
Reactivation of latent tuberculosis infection worsening the management of HIV
Opportunistic infections are the major risk factor in AIDS group of patients (CD4 counts < 250 cells/mm 3 ). Approximately, 80% of deaths are due to OIs. Various pathogens ranging from protozoan, fungal, bacterial to viruses infect such compromised host with great ease [190] . These pathogens first of all, do not get potential encounter from the host immune system, and a small inoculum may be sufficient to establish the co-infection. A compromised immunity among patients undergoing crisis phase (abrupt break down of immune system; CD4 count < 250 cells/mm 3 ) attract some of the deadliest pathogen [179, 185] . The significance of immune system is clearly visible from the data of developed country including America, where there is emergence in new cases of Tb along with resurgence in LTBI. In developing country like India, where the unhygienic conditions embrace various infections, health management of the AIDS patients are extremely difficult task [179, 191, 192] . On top of this, the M. tuberculosis infection may in turn trigger the breakdown of latency or prophase stage of the HIV virus, leading to abrupt increase in viral load followed by steep decline in CD4 counts [190, 193] . All individuals infected with HIV are susceptible to a wide array of OIs, in addition to infections that are pathogenic to hosts without HIV infection. Tuberculosis is the commonest opportunistic infection and the number one cause of death in HIV/AIDS patients in developing countries. Co-infection of a progressed HIV infected host with Mycobacteria sp. generally causes reactivation, and then disseminated form of disease, affecting many critical and vital organs. It is estimated that one-third of the world's population is infected with M. tuberculosis. However, we fail to find any authentic approach to this estimation. However, the risk of developing TB is reduced by 70-90% among patients receiving antiretroviral therapy. Despite therapy and continuous monitoring such co-infections, result in devastating outcome. Amongst the varied spectrum of the disease, pulmonary tuberculosis (PTB) is still the commonest form of TB in HIV infected patients. A major fraction of them later turn up as extremely drug resistant (XDR). On the other hand, M. tuberculosis infection enhances replication of HIV-1 and progression to AIDS [194] . It suggests that besides the immunosuppression caused by HIV, the immune system is additionally suppressed by M. tuberculosis infection, resulting in abrupt decline in immunity and progression of virus.
HIV infection continues to be a lethal disorder characterized by opportunistic infection with uncommon organisms (e.g., mycobacteria, fungi, parasites, and viruses), as well as lethal malignancies. Opportunistic infections may also be categorized into acute vs. chronic depending on their course of progression in HIV infected host. Acute OIs like active TB, acute hepatitis C virus (HCV), chickenpox virus, bacterial infection (egg. pneumocystis) etc., requires critical attention for the management, as the disease progresses and/or disseminates extremely faster [12] . The M. tuberculosis agents causing acute cytopathy can kill the cells in host, if the immune response doesn't comes up within 3-7 days. Compromised immunity among HIV infected host led to devastating outcome upon reactivation of M. tuberculosis infection from latent to active. Initiation of therapy results in equilibrium between immune response and acute cytopathic effect caused by infectious agents. Fungal infections like oropharyngeal candidiasis are the commonest opportunistic infections among AIDS patients and further worsen the disease management of HIV-TB cases. However, under condi-tions of immune dysfunction, colonizing Candida albicans can even trigger life-threatening infections, which otherwise remain superficial [195, 196] .
It has always been tedious to understand about the treatment among co-infected patients. Once HAART is initiated, it should not be stopped if OIs appears. HIV-positive patients not on ART with sputum smear positive TB can start anti-TB treatment (ATT). However, any HIV-positive patient with TB who is already on ART, must be assessed before subjecting them to ATT. The recent WHO treatment guideline (2015) recommends early antiretroviral and/or early isoniazid prophylaxis therapy against M. tuberculosis infected HIV positive adults, regardless of CD4 count [197] . Study showed that concurrent administration of ART with TB treatment improves the treatment success rates and low fatality. Trial conducted compared the efficacy of co-administration of ATT with HAART and found favorable outcome. The 2015 WHO guidelines recommend oral pre-exposure prophylaxis (PrEP) for high risk population (more than 3% HIV incidence). However, its efficacy among drug resistant infections must be validated [197] .
Nevertheless, there are many problems associated with this like combined drug toxicities, drug -drug interactions, immune reconstitution inflammatory syndrome (IRIS). Even if there is concern of drug related toxicity, HAART should not be withheld from co-infected patients. Co-infected patients with reduced CD4-cell counts should unhesitatingly be first subjected to HAART. Importantly, early initiation of antiretroviral therapy in TEMPRANO and START (strategic timing of antiretroviral therapy) trials showed superior in preventing sever AIDS related problems with no adverse effect, and was associated with lower risk of death [197] . After commencement of HAART, immune reconstitution inflammatory syndrome (IRIS) frequently appears and this results in clinical deterioration with inflammatory illness among patients experiencing immune recovery during early HAART [198] . A detailed study should be undertaken to decipher the effects associated with IRIS.
Conclusions
It was disappointing to find poor performance of sputum smear microscopy in HIV-infected patients suggesting the need of another reliable technique for detecting co-existence of both bacilli and virus [101, 102, 199] . Leading candidate vaccines for either of pathogen have not been effective. However, these studies are not conclusive and reported contrasting findings [200] [201] [202] [203] [204] . It has become a necessity to recalibrate many fine intricacies of the immune system that were not prioritized earlier. Immune system is significantly involved in dictating the overall defense of the body, as well as supporting the candidate vaccine to become effective. Suppression of the immune system has not been addressed before, as now it is being focused in last 5-7 years. Exploring various pathways involved in immunosuppression is required to pinpoint the root-cause of the problem. Furthermore, immunosuppression as such is multi-factors process and it has always been difficult to address one or two causes. Not only the pathogen, but the overall socioeconomic status of the infected individuals is involved in culpable growth of the co-infection. This is clearly visible between healthy and non-healthy individuals who accidently acquired the virus infection. Their capacity to contain the virus and remain asymptomatic for long varies drastically, and so as their capability to restrict the reactivation of the M. tuberculosis latent infection. An HIV infected but asymptomatic individual never undergoes reactivation of latent M. tuberculosis infection, unless there is abrupt decline in the immune system. So, to develop an efficacious way to target co-infection, a multidirectional approach resolving immunosuppression might be beneficial.
